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Abstract Undocumented migrants, meaning migrants
without a legal residency permit, come to Geneva from
countries with high tuberculosis (TB) incidence. We esti-
mate here whether being undocumented is a determinant
of TB, independently of origin. Cross-sectional study
including undocumented migrants in a TB screening pro-
gram in 2002; results were compared to 12,904 age and
frequency matched participants in a general TB screening
program conducted at various workplaces in Geneva,
Switzerland from 1992 to 2002. A total of 206 undocu-
mented migrants (36% male, 64% female, mean age 37.8
years (SD 11.8), 82.5% from Latin America) participated
in the TB screening program. Compared to legal residents,
undocumented migrants had an adjusted OR for TB-related
fibrotic signs of 1.7 (95% CI 0.8;3.7). The OR of
TB-related fibrotic signs for Latin American (vs. other)
origin was 2.7 (95% CI 1.6;4.7) among legal residents and
5.5 (95% CI 2.8;10.8) among undocumented migrants.
Chest X-ray screening identified a higher proportion of
TB-related fibrotic signs among Latin Americans, inde-
pendently of their residency status.
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Introduction
Geneva is a common destination of undocumented migra-
tion, that is migration without a legal residence permit. An
estimated 8,000–12,000 undocumented migrants live and
work in the canton of Geneva, representing 1.4–3.5% of the
434,500 resident population [1]. Since 1996, a mobile out-
patient unit has offered free health care to undocumented
migrants in Geneva and is well known among this popula-
tion. The socio-demographic profile of undocumented
migrants seen at the unit is similar to other surveys of
undocumented migrants performed in Geneva [2–4]. They
are mostly females (70–80%), aged between 25 and 44 years
(75%), coming from 5 Latin-American countries: Brazil,
Colombia, Bolivia, Peru and Ecuador [2–4], where the
prevalence of tuberculosis (TB) is 5 to 50-fold higher than in
Switzerland [5, 6]. A survey of this difficult-to-reach pop-
ulation concerning all TB-notifications between 1994 and
1998 in Geneva showed that first consultation was often
delayed. Only 5% of undocumented migrants with active TB
saw a health care professional during the first month of
symptoms, compared to 30% patients with TB and a legal
status. Furthermore, 66% of the undocumented migrants
declared having lost their job as a consequence of TB [7].
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In most European countries more than half of all TB
cases occur among foreign-born individuals [8]. Undocu-
mented migrants represent 5–30% of immigrants and
5–10% of TB cases in low- or intermediate-incidence
countries [9]. Latent tuberculosis infection (LTBI) is fre-
quent in undocumented migrants. In Italy, El Hamad found
a prevalence of 39% of LBTI in undocumented migrants
originating mainly from Africa and Asia [10]; in Switzer-
land, Bodenmann found that 19% of undocumented
migrants from Latin America had LBTI [11]. Nevertheless,
these screenings were performed in health care centres and
represent a selection of ill undocumented migrants. Several
studies have shown that TB is mainly due to reactivation of
infections acquired abroad but that transmission to other
people in the host country is rare [12–15]. Therefore,
screening for tuberculosis among immigrants is performed
in many developed countries, with the aim of detecting and
treating active disease [16, 17] or LTBI [18, 19].
The present study focused on undocumented migrants
who were selected in the community, outside of medical
practices, to determine whether residency status determines
the risk of TB, independently of origin. The association
with TB was assessed by the relative odds ratio (OR) of
chest X-rays suggestive of either active TB or TB-related
fibrotic signs (a known risk factor for subsequent TB
reactivation) among undocumented migrants and legal
residents in Geneva, Switzerland.
Methods
Study Design
The association between legal residency status and positive
chest X-ray exams suggestive of TB was assessed in 206
out of an estimated 400 undocumented migrants invited to
have X-rays in 2002. A control group comprised 12,904
persons (6,538 women and 6,366 men) participating from
1992 through 2002 in a chest X-ray TB screening program
conducted at various Geneva workplaces. Both groups
participated on a voluntary basis. The control group had
occupations that the undocumented migrants could have
applied for if they had been legal residents and therefore
allowed for an optimal comparison.
Study Samples
Undocumented Migrants
In order to reach as many undocumented migrants as
possible and to motivate them to participate in chest X-ray
screening for TB, an awareness and informational cam-
paign about pulmonary diseases (particularly TB) and
smoking, including interactive workshops and lectures
followed by discussion groups, was conducted in collabo-
ration with four major charitable associations in Geneva:
C.A.R.E. (Caritas), Square-Hugo (Social Service of the
City of Geneva), Emmau¨s, and Cœur des Grottes (Salva-
tion Army). We also informed community leaders about
the project, as well as other associations, trade unions, and
public social services dealing with undocumented
migrants. Written information in the form of leaflets was
available in French, Spanish, English, and Portuguese,
which covers the languages spoken by more than 90% of
undocumented migrants in Geneva [2]. As the study was
conducted during 2 months in autumn, free influenza
vaccination was offered as an additional incentive to par-
ticipate. On the basis of participation at the workshops and
the number of patients receiving information about the
study at the mobile unit, we estimate that approximately
400 undocumented migrants were informed about the TB
screening program.
Every undocumented migrant aged 18 years or over and
willing to provide written consent to participate in the
study was included. We excluded persons aged\18 years,
pregnant women, and persons intoxicated by alcohol or
drugs who were unable to provide informed consent.
Control Group
Controls were selected from a total of 24,496 adults
(12,208 women and 12,288 men) who underwent chest
X-rays as part of a TB screening program between 1992
and 2002 at different Geneva workplaces. All workers aged
18 years or more were invited to participate. Workers aged
\18 years and pregnant women were excluded. All control
group participants were legally registered residents in
Geneva.
To improve comparability and control for confounding
factors, we further restricted the control group sample
using gender, age, and country of origin (Latin America or
other) frequency matching to undocumented migrant
‘‘cases’’ [20]. Specifically, for each undocumented migrant
‘‘case’’ we selected all control group persons of the same
sex, age and country of origin.
Questionnaire
Socio-demographic data (age, gender, nationality) were
collected by questionnaire for all participants by 2 nurses in
a face-to-face interview.
Chest X-rays and Follow-up
Chest X-rays were performed either in a mobile clinical
unit of the Geneva University Hospital, or at Geneva
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University Hospital. All chest X-rays (cases and controls)
were analyzed by the same (unblinded) experienced pul-
monologist. Any occurrence of an abnormal X-ray was
communicated to control group patients and to their gen-
eral practitioner who determined if an abnormal finding
was TB-related and informed us of the final diagnosis. The
undocumented migrants were informed about their X-ray
results. If the X-ray was abnormal, any further investiga-
tions, medical follow-up, and treatment were offered free
of charge for those patients without insurance coverage.
Outcome Definition
Chest X-rays were classified as: (A) normal; (B) abnormal
without signs suggestive of TB; or (C) abnormal with signs
suggestive of TB. TB-suggestive X-rays were further
classified into two groups: (C1) fibrotic signs suggestive of
previous TB without signs of activity; or (C2) suggestive of
active TB. C1 or C2 X-rays were scored as ‘‘TB?’’, while
X-rays classified as A or B were scored as ‘‘TB-’’.
Statistical Analyses
Univariate comparisons of undocumented migrants
(‘‘cases’’) and employees in Geneva workplaces (controls)
were made with the v2 or Fisher’s exact test for categorical
variables or with Student’s t-test for continuous variables,
using a significance threshold of 5%. We used Yates con-
tinuity correction by adding 1 to all cells in case one of the
cell had 0 observations.
Associations were estimated by OR with 95% confi-
dence intervals (95% CI) obtained using multiple logistic
regression analysis with undocumented migrant/control
group status as dependent variable and TB? versus TB-
as the main independent variable. Potential confounding
factors (age, gender, and Latin American origin or other)
were also included as independent variables in the logistic
model, and analyses including two-way interaction terms
between the factors were also performed. Statistical anal-
ysis was performed using SPSS 15.0 for Windows
software.
Ethical Considerations
This study was approved by the Geneva University
Hospital Ethics Committee (protocol N8 02-010).
Results
A total of 217 undocumented migrants agreed to partici-
pate, but 11 of them refused to have an X-ray (they agreed
only to have an influenza-vaccination) and hence were
excluded from the analyses. The 206 remaining undocu-
mented migrants were compared to 12,904 frequency
matched controls (6,538 women and 6,366 men).
The sociodemographic characteristics and radiographic
results for undocumented migrants and controls are pre-
sented in Table 1. No case of active TB was detected
among undocumented migrants; 3 (0.02%) cases were
detected in controls.
Undocumented migrants had a higher proportion of
chest X-rays with TB-related fibrotic changes than controls
(4.9% vs. 1.2%, P \ 0.001). Compared to legal residents,
undocumented migrants had a crude odds of 4.2 (95% CI
2.2;8.1) of having TB-related fibrotic signs (Table 2). Age
and sex-adjustment decreased the OR to 3.9 (95% CI
2.0;7.5), and additional adjustment for Latino American
origin to 1.7 (95% CI 0.8;3.7).
Table 1 Sociodemographic
characteristics and radiographic
results. Geneva, Switzerland,
2002 (undocumented migrants),
1992–2002 (legal residents)
TB tuberculosis
a Fisher’s exact test
Variables Legal residents
(n = 12,904)
n (%)
Undocumented migrants
(n = 206)
n (%)
P
Age: mean (SD) 36.2 (10.5) 37.8 (11.8) 0.048
Origin \0.001
Latin America 555 (4.3) 170 (82.5)
Others 12,349 (95.7) 36 (17.5)
X-ray results
(A) Normal 12,233 (94.8) 192 (93.2) 0.38
(B) Pathologic not suggestive of TB 517 (4.0) 4 (1.9) 0.21a
(C1) Fibrotic signs suggestive of TB without
signs of activity
151 (1.2) 10 (4.9) \0.001
(C2) Active TB 3 (0.02) 0 (0.0)
Total number of X-rays suggestive of TB 154 (1.2) 10 (4.9) \0.001
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The effect of undocumented status in participants not
originating from Latin America was calculated by using
Yates continuity correction. The corresponding OR was 1.6
(95% CI 0.2;12.1).
As 82.5% of the undocumented migrants were of Latin
American origin, we performed a subgroup analysis among
Latin Americans (n = 725: 170 undocumented migrants
and 555 controls) in order to determine the effect of resi-
dency status on having TB-related fibrotic signs. The cor-
responding OR was 2.05 (95% CI: 0.9;4.7) (Table 3).
As shown in Table 4, the OR of having TB-related
fibrotic signs for subjects with Latin American origin was
2.7 (95% CI 1.6;4.7) for legal residents and 5.5 (95% CI
2.8;10.8) for undocumented migrants.
No significant interactions were found between gender
and origin, gender and age, status and age, status and origin
or age and origin.
TB in Undocumented Migrants
No active case of TB was found in the undocumented
migrants. Ten undocumented migrants (7 female and 3
male, 4.8%) were classified as TB?. Three (30% of the
TB?) completed treatment for latent tuberculosis infection
(LTBI) with isoniazid alone or in combination with rif-
ampicine. Three others (1.4% of the total, 30% of the
TB?) could not be contacted.
Table 2 Unadjusted and adjusted odds ratios (OR) of TB-related fibrotic signs on chest X-rays of undocumented migrants versus controls with
legal residency status, Geneva, Switzerland, 2002 (undocumented migrants), 1992–2002 (control group)
Undocumented
migrants
n = 206
n (%)
Legal residents
n = 12,904
n (%)
OR crude
(95% CI)
OR adjusted
for age and sex
(95% CI)
OR adjusted for age, sex
and Latin-American origin
(95% CI)
Fibrotic signs suggestive
of tuberculosis (TB)
10 (4.9) 154 (1.2) 4.2 (2.2;8.1) 3.9 (2.0;7.5). 1.7 (0.8;3.7)
Without fibrotic signs suggestive
of tuberculosis (TB)
196 (95.1) 12,750 (98.8) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Table 3 Unadjusted and adjusted odds ratios (OR) of fibrotic signs suggestive of tuberculosis (TB) on chest X-rays of Latin American
undocumented migrants (n = 170) versus Latin American controls with legal residency status (n = 555), Geneva, Switzerland, 2002 (undoc-
umented migrants), 1992–2002 (control group)
Undocumented migrants
from Latin America
n = 170
n (%)
Legal residents
from Latin America
n = 555
n (%)
OR crude
(95% CI)
OR adjusted for
age and sex
OR (95% CI)
Fibrotic signs suggestive
of tuberculosis (TB)
10 (5.9) 15 (2.7) 2.3 (0.99;5.1) 2.05 (0.9;4.7).
Without fibrotic signs suggestive
of tuberculosis (TB)
160 (94.1) 540 (97.3) 1.0 (ref) 1.0 (ref)
Table 4 Prevalences of fibrotic signs suggestive of tuberculosis (TB) on chest X-ray and adjusted odds ratios (OR)* according to undocumented
status and/or Latin-American origin, Geneva, Switzerland, 2002 (undocumented migrants), 1992–2002 (legal residents)
Stratum Prevalence of fibrotic signs suggestive of TB Total
Undocumented status Latin-American origin n (%) n OR (95% CI)a,
Yes Yes 10 (5.9) 170 5.5 [2.8;10.8]
No Yes 15 (2.7) 555 2.7 [1.6;4.7]
Yes No 0 36 1.6 [0.2;12.1]b
No No 139 (1.1) 12,349 1.0 (ref)
Total 164 13,110
 P-value for interaction = 0.99
a Sex- and age-adjusted
b Computed using Yates continuity correction
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Discussion
This pilot screening study for TB showed that undocu-
mented migrants had a higher proportion of chest X-rays
with TB-related fibrotic changes (associated with a higher
risk of reactivation of TB) than controls (4.9% vs. 1.2%,
P \ 0.001). The main factor increasing the proportion of
TB-related fibrotic changes was Latin American origin.
Undocumented migrant status per se did not significantly
increase the prevalence of TB-related fibrotic changes.
However, there was a statistically significant combined
effect (OR 5.5; 95% CI 2.8;10.8) of undocumented migrant
status and Latin American origin compared to legal resi-
dents of non-Latin America origin.
The prevalence rates found in our study (4.9%) are
much lower than those found in previous studies (19–39%)
[10, 11]. The difference can be due to the fact that (1) our
study sample of undocumented migrants could be healthier
because not selected in health care centers but in com-
munity centers and (2) the detection method in our study
was limited to X-ray screening whereas other studies per-
formed also tuberculin skin testing [10] and interferon-c
assays [11] which may increase sensitivity. Tuberculin skin
testing was not performed in the present study because
needing two contacts which is difficult to realize in a field
study concerning undocumented migrants and interferon-c
assays were not available in 2002.
Undocumented migrants live in difficult conditions and
belong to the lowest socio-economic groups which are
known to be more exposed to tuberculosis [21–24]. Our
findings suggest that the increased risk of TB-related
fibrotic changes is mainly due to Latin American origin and
not to undocumented migrant status. This finding is
important since several surveys in Switzerland have shown
that the majority of undocumented migrants (70% in
Geneva and Lausanne, 60% in Zurich) originate from
regions of Latin America [2, 3, 25, 26] where the preva-
lence of tuberculosis is known to be 5- to 50-fold higher
than in Switzerland [5, 6].
One important limitation of this study is the relatively
small sample size of the undocumented migrants but this
pilot study at least provides a first estimation of signs of
TB-related fibrotic signs on chest X-rays of undocumented
migrants in Geneva, Switzerland. Another limitation con-
cerns the use of X-ray screening which is less likely to pick
up extrapulmonary manifestations of TB, which seems to
be more common in undocumented migrants than in the
general population [7]. Finally, the inclusion period of the
undocumented migrants (2002) was not the same as of the
controls (1992–2002). We chose this large control group
because it was the best available local data source and
permitted to include a large number of Latin American
controls. Furthermore, even if the TB incidence in
Switzerland decreased continuously between 1995 (12/
100.000) and 2002 (9/100.000) [27], it has remained rather
stable in Geneva during the study period (&20/100,000
inhabitants/year), which is slightly higher than the national
average. The discrepancy between Geneva and Swiss sta-
tistics is related to Geneva’s population: 45% of foreign-
born residents and a high turn-over of immigrants from all
over the world; 75–85% of TB cases are foreign-born.
This study illustrates the difficulties in performing a large
scale screening for TB in a population of undocumented
migrants. Indeed, despite important efforts to motivate
undocumented migrants to participate, only 52% of those
solicited participated in the project. No case of active TB
was detected; only 30% of those screened with LTBI com-
pleted treatment. Furthermore, only a small proportion of the
undocumented migrants in our area could be reached and
solicited. Theoretically, undocumented migrants originating
from countries with a high prevalence for TB are high-risk
groups and should benefit from systematic TB-screening
strategies. However, important barriers to a systematic
screening strategy exist: (1) Undocumented migrants live
clandestinely and are geographically unstable, often
changing residence; (2) Systematic screening through any
official institution may be jeopardized by fear—among
migrants—of state agencies and deportation. Systematic
screening for TB by a health care facility may be associated
with the fear of informing public health offices: undocu-
mented migrants may, as a consequence, avoid contact with
the health care facility, thereby destroying several years of
continuous trust-building work; (3) Cultural barriers and
health representations may also compromise adherence to a
screening program on a voluntary basis. Thus, it is not
realistic to promote systematic screening for TB in this hard-
to-reach population.
Policy makers have to take into consideration the fact
that active TB disease can develop many years after arrival,
mainly as a result of reactivation of LTBI [15]. Local
transmission within migrant communities, and primary
infection due to return trips abroad to visit family and
friends, may also be contributive [28]. Even an ideal initial
screening would only have limited impact in reducing the
proportion of TB cases in the foreign-born population and
particularly among undocumented migrants. Instead of
focusing exclusively on screening at arrival, screening
must be performed regularly, using language- and cultur-
ally appropriate approaches which facilitate participation
and access to health services by hard-to-reach migrant
groups, such as undocumented migrants.
Acknowledgements We are thankfully indebted to H. Stalder,
L. Nicod, C. Perrot, R. Tuosto-Aeschlimann and M. Holst for their
help and support throughout the project. This study received funding
by the social department of the Geneva, Switzerland.
22 J Immigrant Minority Health (2010) 12:18–23
123
References
1. Longchamp C, Aebersold M, Rousselot B, Ratelband-Pally S.
Sans-papiers en Suisse: c’est le marche´ de l’emploi qui est
de´terminant, non pas la politique d’asile. Rapport final sur
mandat de l’office fe´de´ral des migrations. GFS.Bern. 6-4-2005.
2. Wolff H, Besson M, Holst M, et al. Social inequalities and health:
experiences of a mobile health care unit in Geneva. Rev Med
Suisse. 2005;1(34):2218–22.
3. Fo¨llmi D, Goetz F, Turker I, von der Weid S, Wolff H. Rapport
de la commission d’experts pour les travailleurs ‘‘sans-papiers’’ a`
l’intention du Conseil d’Etat Genevois. Re´publique de Gene`ve,
52.2004.
4. Simoes S, Mahoudeau C. Acce`s Aux Soins Des Personnes En
Marge Du Syste`me De Sante´: Gene`ve-Lausanne 2002. Me´decins
sans frontie`res. Report; 2003. p. 12–32.
5. Dye C, Scheele S, Dolin P, et al. Consensus statement. Global
burden of tuberculosis: estimated incidence, prevalence and
mortality by country. WHO Global Surveillance and Monitoring
Project. JAMA. 1999;282(7):677–86.
6. Dye C, Watt CJ, Bleed DM, et al. Evolution of tuberculosis
control and prospects for reducing tuberculosis incidence, prev-
alence, and deaths globally. JAMA. 2005;293(22):2767–75.
7. Perone SA, Bovier P, Pichonnaz C, et al. Tuberculosis in
undocumented migrants, Geneva. Emerg Infect Dis. 2005;11(2):
351–2.
8. WHO. The global plan to stop TB, 2006–2015. Geneva: World
Health Organization; 2006.
9. Heldal E, Kuyvenhoven JV, Wares F, et al. Diagnosis and
treatment of tuberculosis in undocumented migrants in low- or
intermediate-incidence countries. Int J Tuberc Lung Dis. 2008;
12(8):878–88.
10. El Hamad I, Casalini C, Matteelli A, et al. Screening for tuber-
culosis and latent tuberculosis infection among undocumented
immigrants at an unspecialised health service unit. Int J Tuberc
Lung Dis. 2001;5(8):712–6.
11. Bodenmann P, Vaucher P, Wolff H, et al. Screening for latent
tuberculosis infection among undocumented migrants in swiss
healthcare centres; a descriptive exploratory study. BMC Infect
Dis. 2009;9(1):34.
12. Dahle UR, Sandven P, Heldal E, Caugant DA. Continued low
rates of transmission of mycobacterium tuberculosis in Norway.
J Clin Microbiol. 2003;41(7):2968–73.
13. Dahle UR, Eldholm V, Winje BA, et al. Impact of immigration
on the molecular epidemiology of mycobacterium tuberculosis in
a low-incidence country. Am J Respir Crit Care Med. 2007;
176(9):930–5.
14. Lillebaek T, Andersen AB, Bauer J, et al. Risk of mycobacterium
tuberculosis transmission in a low-incidence country due to
immigration from high-incidence areas. J Clin Microbiol. 2001;
39(3):855–61.
15. Cain KP, Mac Kenzie WR. Overcoming the limits of tuberculosis
prevention among foreign-born individuals: next steps toward
eliminating tuberculosis. Clin Infect Dis. 2008;46(1):107–9.
16. Welshman J, Bashford A. Tuberculosis, migration, and medical
examination: lessons from history. J Epidemiol Community
Health. 2006;60(4):282–4.
17. Rieder HL, Zellweger JP, Raviglione MC, et al. Tuberculosis
control in Europe and international migration. Eur Respir J.
1994;7(8):1545–53.
18. Lalvani A. Spotting latent infection: the path to better tubercu-
losis control. Thorax. 2003;58(11):916–8.
19. Blumberg HM, Leonard MK Jr, Jasmer RM. Update on the
treatment of tuberculosis and latent tuberculosis infection.
JAMA. 2005;293(22):2776–84.
20. Rothman K, Greenland S. Accuracy considerations in study
design. In: Rothman K, Greenland S, editors. Modern epidemi-
ology. 2nd ed. Lippincott-Raven; 1998. p. 144–5.
21. Lee JW, Loevinsohn E, Kumaresan JA. Response to a major
disease of poverty: the global partnership to stop TB. Bull World
Health Organ. 2002;80(6):428.
22. Sanchez-Perez H, Flores-Hernandez J, et al. Pulmonary tuber-
culosis and associated factors in areas of high levels of poverty in
Chiapas, Mexico. Int J Epidemiol. 2001;30(2):386–93.
23. van Helden PD. The economic divide and tuberculosis. Tuber-
culosis is not just a medical problem, but also a problem of social
inequality and poverty. EMBO Rep. 2003;4 Spec No:S24–8.
24. Greene JA. An ethnography of nonadherence: culture, poverty,
and tuberculosis in urban Bolivia. Cult Med Psychiatry. 2004;
28(3):401–25.
25. Valli M. Les Migrants Sans Permis De Se´jour a` Lausanne.
Municipalite´ de Lausanne. Report; 2003. p. 31–45.
26. Schoch M, Bodenmann P. Die Unite´ Vulnerables: Betreuung Von
Ausgegrenzten Menschen, Migranten Und Sans-Papiers an Der
Universita¨ren Medizinischen Poliklinik Lausanne. SRK, J Dos-
sier. 2003;3:13–6.
27. Euro-TB. TB-notification rates, EU&West 1995–2006. http://
www.eurotb.org/slides/2008/eurotb_slides_eu_west.ppt, slide 4.
last Accessed 06 June 2009.
28. Hargreaves S, Carballo M, Friedland JS. Screening migrants for
tuberculosis: where next? Lancet Infect Dis. 2009;9(3):139–40.
J Immigrant Minority Health (2010) 12:18–23 23
123
